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Description 

Method and computer program comprising program code means, and 
computer program product for analyzing the effectiveness of a 
5 pharmaceutical preparation 

The invention relates to an analysis of the effectiveness of a 
pharmaceutical preparation or medical preparation. 

10 An analysis of the effectiveness of a new medical preparation 
or new medicine as part of an approval procedure is known from 
[7] . 

During an approval procedure of this kind the new medicine 
15 requiring approval passes through different (test) phases, 

phase 1 to phase 3, within which the effectiveness of the new 
medicine requiring approval in combating a specific disease 
has to be demonstrated. A further object of an approval 
procedure of this kind is to examine side-effects of the new 
2 0 medicine requiring approval as well as to test the 

effectiveness of the new medicine requiring approval in 
comparison with other similarly effective medicines. 

The effectiveness tests are mostly conducted on the basis of 
, 25 studies carried out on test participants to whom the new 

medicine requiring approval is administered. The effectiveness 
of the new medicine is assessed on the basis of results from 
interviews, psychological tests and behavioral studies that 
are conducted with the test participants. 

30 

A disadvantage with effectiveness tests of this type is that 
they only provide or permit a qualitative assessment of the 
effectiveness of the new medicine, and furthermore this 
assessment is characterized by a high degree of subjectivity. 
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An analysis of neuronal activities in neuronal sites, in this 
case neuronal or nerve structures in areas of a patient's 
brain, is known from [6] . 

5 Knowledge of the principle of operation of a neuronal site as 
well as of the interaction of neuronal sites is fundamental to 
a functional magnetic resonance tomography or fMRI (functional 
Magnetic Resonance Imaging) technology [3] , which is a further 
development of the known magnetic resonance tomography. 

10 

The previously known magnetic resonance tomography (MR for 
short) is an image -generating technique which generates cross- 
sectional images of the human body without the use of harmful 
X-ray radiation. 

15 

Instead, MR takes advantage of the behavior of bodily tissue 
when exposed to a strong magnetic field. This enables 
pathological changes in the bodily tissue, for example in the 
brain or spinal cord, to be detected. 

20 

Functional disturbances in the bodily tissue, more 
particularly in the brain of a patient, cannot be detected 
using conventional magnetic resonance tomography, however. 

25 Functional magnetic resonance tomography, or fMRI technology, 
a further development of MR, could help solve this problem. 

Using fMRI technology the neuronal activity in areas of the 
brain of a patient can be measured indirectly. The variable 
30 measured in this case is what is known as the BOLD (Blood 

Oxygenation Level Dependent) signal in individual areas of the 
brain, which signal is related, to the neuronal activity in the 
respective areas. 

35 Between the neuronal activities in the sites there exist 
dependencies, including structurally related dependencies, 
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that is to say dependencies which arise, among other things, 
from structures in the brain, i.e. from neuronal linkages 
between nerve cells or nerve structures. 

5 The result of the fMRI measurements shows the progression of 
the activity of individual neuronal sites over a certain 
period of time, for example during cognitive processes as a 
result of certain perception processes or motor tasks. 

10 Functional disturbances, in this case in the brain, are 

therefore implicitly contained in the measured fMRI signals. 

Previously known methods for analyzing the fMRI measurements 
enable functional relationships between different brain sites 
15 to be detected during specific, predetermined tasks, such as 
the cited perception processes or motor tasks, which 
functional relationships are referred to as functional 
connectivity . 

20 A known analysis method of this kind for detecting functional 
connectivity, termed ''Structural Equation Modeling" (SEM) , is 
disclosed for example in [6]. A further such SEM is described 
below. 

25 The purpose of said below-described analysis method is the 
above-described detection of functional connections between 
different brain sites during certain perception processes or 
motor tasks, in short the derivation of functional neuronal 
structures associated with special tests. 

30 

This known analysis method is based on a predefined model of a 
brain, i.e. a predefined brain architecture. 

This brain architecture predetermined a priori from a prior 
35 knowledge defines general functional and/ or spatial 
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dependencies between certain brain sites in the form of a so- 
call correlation matrix S. 

The correlation matrix S has a defined (column/row) form or 
5 structure corresponding to the predetermined brain 

architecture and is accordingly occupied at certain (matrix) 
positions by so-called correlation strengths Si. 

These correlation strengths describe functional 

10 dependencies in each case between two brain sites or, as the 
case may be, between the BOLD signals measured there and 
representing the neuronal activities there. 

With this known analysis method the (variable) correlation 
15 strengths are now determined in such a way that statistical 

indicators which are derived from the fMRI measurements by 
means of this analysis method can be explained in the most 
meaningful manner. To put it another way, the sought 
correlation strengths Si are intended to be used to maximize a 
20 probability for an occurrence of the measured data, i.e. the 
fMRI measurement or the BOLD signals. 

With this known analysis method a data point 8=8^ represents 
an averaged totality of all BOLD signals si, sN of the 

25 individual n sites at a time t or over a time interval t 
(t=[l;T] ) . 

The fMRI measurement comprises a plurality of such data points 
which characterize possibly different perception processes 
30 and/or motor tasks for which the corresponding BOLD signals 
were measured. 



With the known analysis method, instead of the individual data 
points si, s2, sT being analyzed directly, statistical 
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indicators which are derived from said data points are 
evaluated. 

For a statistical distribution of the data points si, s2, 
5 sT, it is assumed that said distribution is fully described by 
a multivariable normal distribution, i.e. a first-order 
statistical distribution, having an average value p and a 
covariance E: 



i'UlM.^h—^ 2 (1) 

10 

For sufficiently long measurement series, the occurrence of 
the individual data points si from si, s2, sT can be 

considered statistically independent. 

15 The probability P=P(sl, sT|>i,E) for an occurrence of all 

the measured data points sl, sT can accordingly be 

written as: 



T 

•e 2 (2) 



20 In this case the unknown variables, the average value p and 

the covariance E, are dependent exclusively on a (brain) model 
which describes the measurement data. 

The model assumes a linear statistical connection between the 
25 individual BOLD signals: 

N 

7=1 
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or 



(3) 



where e describes the external influence on the individual 
BOLD signals, such as a sensory input by sensory cells onto 
5 the sites of the brain that are being examined. 

The influencing variables ei and ej affecting different sites 
i and j can be entirely correlated in this case. 

10 Accordingly the model parameters to be specified are the 

correlation strengths of the underlying correlation matrix 
S, the average value >ie of the external influence s and the 
covariance Ee of € . 



15 On these depend the average value li and die covariance E: 



with the known analysis method the model parameters are now 
20 determined in such a way that the probability P=P(sl, 

sT|p,E) given in (2) is maximized for the occurrence of the 
measurement data. 

A method (optimization) of a known Maximum Likelihood 
25 Estimation [1] is applied for this purpose. 

Using the connections (4) in (2) yields an expression which is 
dependent on the correlation strengths Si, the average value 

pe and the covariance Ee and which is maximized as a result of 
30 the optimization. 

The optimization then leads to the sought correlation 
strengths between the BOLD signals. 



2 = 1(5,1^) 



(4) 
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These in turn then enable the detection of functional . 
connections between different brain sites during certain 
perception processes or motor tasks (functional connectivity) . 

5 

A software tool for an fMRI analysis method, an "fmri.pro", is 
known from [4] . A device for performing the fMRI technique is 
known from [5] . 

10 The object of the invention is to specify a method for 

analyzing and assessing the effectiveness of a pharmaceutical 
preparation, said method enabling a quantified and 
objectivized evaluation of the effectiveness of said 
pharmaceutical preparation. 

15 

This object is achieved by the method and by the computer 
program comprising program code means and the computer program 
product for analyzing the effectiveness of a pharmaceutical 
preparation having the features recited in the respective 

2 0 independent claim. 

With the method for analyzing the effectiveness of a 
pharmaceutical preparation on a neuronal structure, which 
neuronal structure is described using correlation variables 
25 which describe a functional connection between neuronal sites 
of the neuronal structure, the neuronal structure is exposed 
to the influence of a pharmaceutical preparation. 

Signals are measured which describe neuronal activities in the 

3 0 . neuronal sites of the neuronal structure that is exposed to 

the influence of the pharmaceutical preparation. 

These signals are evaluated using a statistical method, with 
changed correlation variables being determined for the 
35 neuronal structure that is exposed to the influence of the 
pharmaceutical preparation. 
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The changed correlation variables describe the effectiveness 
of the pharmaceutical preparation. 

5 In this context the pharmaceutical preparation is understood 
to mean any type of chemical agent that is suitable for 
influencing the activity in a neuronal structure or of acting 
on the neuronal structure, for example pharmaceuticals for 
treating mental illnesses such as depression or Alzheimer's or 
10 for treating other physical ailments. 

Effectiveness also implies not only an active strength, and 
therefore effectiveness in the narrower sense, but in addition 
a fundamental active principle of the pharmaceutical 
15 preparation, such as, for example, a place where it is active, 
complex interactions, in particular when there are multiple 
places of activity, active concepts and strategies, side- 
effects, as well as other influenced peripheral structures. 

20 Thus, the following, for example, are implicitly contained in 
the changed correlation variables or can be read directly or 
indirectly therefrom: 

the degree or level of the influence or effectiveness of the 
pharmaceutical preparation, 
25 - the place of activity or combined places of activity within 
the neuronal structure, 
- uninfluenced regions within the neuronal structure. 

Seen clearly; the analysis and assessment of the effectiveness 
30 of a pharmaceutical preparation are based on an identification 
and evaluation of an activity pattern of a neuronal structure 
of a test participant, for example in a specific treatment 
state . 

35 In this case an activity pattern is evaluated using a 

statistical method such as structural equation modeling, or 
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SEM for short, which generates statistical characteristics or 
indicators such as the correlation variables. These 
characterize a complex excitation state of the neuronal 
structure and thus permit the evaluation and assessment of the 
5 effectiveness of the pharmaceutical preparation. 

During the evaluation of an activity pattern a neuronal model 
of the neuronal structure is generated which is mirrored in a 
structure of the correlation variables. 

10 

An aspect of the analysis method according to the invention 
that reveals itself as particularly advantageous is that it 
allows a quantitative evaluation of the effectiveness of a 
pharmaceutical preparation, specifically through the 
15 statistical characteristics or indicators such as the 
correlation variables. 

A further advantage with the analysis method is that it 
enables an identification of global neuronal mechanisms that 
20 are influenced or, as the case may be, caused by the 
pharmaceutical preparation, e.g. the activity, the 
connectivity or a modulation of neuronal structures. 

This also enables the testing of the medicine during the 
25 clinical phases to be carried out quantitatively, more 

efficiently, more systematically and more quickly, as a result 
of which cost savings in the clinical trialing of the medicine 
and a shortening of the ''time to market" can be achieved. 

30 The inventive computer program comprising program code means 
is embodied to perform all steps according to the inventive 
analysis method when the program is executed on a computer. 



The computer program product comprising program code means 
35 stored on a machine -readable medium is embodied to perform all 
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steps according to the inventive analysis method when the 
program is executed on a computer. 

The computer program comprising program code means, embodied 
5 to perform all steps according to the inventive analysis 
method when the program is executed on a computer, and the 
computer program product comprising program code means stored 
on a machine -readable medium, embodied to perform all steps 
according to the inventive analysis method when the program is 
10 executed on a computer, are particularly suited to performing 
the inventive analysis method or one of its developments, 
which latter are explained below. 

Preferred developments of. the invention will become apparent 
15 from the dependent claims. 

The developments described hereinafter relate both to the 
method and to the computer program comprising program code 
means as well as the computer program product. 

20 

The invention and the developments described in the following 
can be implemented both in software and in hardware, for 
example using, a special electrical circuit. 

25 Furthermore an implementation of the invention or a below- 
described development is possible by means of a computer- 
readable storage medium on which the computer program 
comprising program code means which executes the invention or 
development is stored. 

30 

The invention or any development thereof described below can 
also be implemented by means of a computer program product 
which has a storage medium on which the computer program 
comprising program code means which executes the invention or 
35 development is stored. 
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In one development the signals are evaluated using a method 
based on structural equation modeling (SEM) , wherein the 
changed correlation variables are determined. A SEM method is 
known from [6] . 

5 

Furthermore the signals, which can be analog or digital 
signals, are determined by measurement, for example by 
measurement of BOLD signals, or alternatively they can also be 
read in from a memory and/or from a storage medium or from a 
10 D/A converter. 

In one embodiment the neuronal sites are brain areas of a test 
participant. 

15 The invention or its developments can also be used in the 

context of or in combination with an fMRI technology. In this 
case BOLD signals of a test participant are measured in the 
fMRI phase. Said signals are then evaluated using the 
statistical method. 

20 

The method according to the invention or procedures derived 
therefrom are also performed repeatedly in effectiveness 
studies, in particular long-term studies, of medicines. This 
usually happens in longer running test series. 

25 

Test series in general or effectiveness studies in general for 
studying pharmaceutical preparations are common and generally 
known . 

30 In a first type of test series, the inventive procedure or 

procedures derived therefrom are performed in each case with 
different pharmaceutical preparations which are suitable for 
treating a specific illness. In this way it is possible to 
compare different pharmaceutical preparations quantitatively 

35 with one another with regard to their treatment efficacy 

and/or to test them against one another. In this case this is 



wo 2004/021243 



PCT/DE2003/002497 



. 12 

done by comparing the detexrmined correlation variables of the 
individual tests. 

At the same time the preparations compared with one another or 
5 tested against one another can be totally different 
preparations or else only differ in their material 
composition, for example such that active agent proportions in 
a preparation are increased or reduced. 

10 It is also possible that at least one of the different 
preparations is a placebo. 

In a different, second type of test series, the inventive 
procedure or procedures derived therefrom are likewise 

15 perf canned a number of times, with the neuronal structure in 

the multiple iterations being exposed to the influence of the 
same pharmaceutical preparation in each case. In this case 
each of the multiple iterations differs in terms of the 
duration of the influence of the pharmaceutical preparation on 

20 the neuronal structure. 

By this means the effect of a pharmaceutical preparation over 
time can be traced. In this case, too, the correlation 
variables determined from the measurements or signals of the 
25 respective moments in time are again compared with one 
another. 

Furthermore the inventive procedure is also suitable for 
comparing totally different pharmaceutical preparations with 

30 one another, i.e. pharmaceutical preparations developed for 
different treatment purposes. This enables, for example, 
identical or similar active concepts to be identified in 
preparations which, per se, are completely different. Thus, 
for example, the same or similar activity patterns that are 

35 reflected in corresponding correlation variables can indicate 
identical or similar active concepts. 
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In order to increase the reliability of the results of 
analyses it is useful to use statistically averaged signals, 
obtained from signals mostly from a number of different test 
5 participants, as the signals. 

An exemplary embodiment of the invention is illustrated in 
figures and will be explained further below. 

10 The figures show: 

Figure 1 a device for performing an fMRI scan according to an 
exemplary embodiment, 

15 Figure 2 a flow diagram comprising method steps, during an 

analysis of BOLD signals according to an exemplary 
embodiment , 

Figure 3 a drawing according to an exemplary embodiment which 
20 describes a procedure for determining the 

effectiveness of a pharmaceutical preparation using 
an fMRI. 

Exemplary embodiment: Assessment of the effectiveness of a 
25 pharmaceutical preparation using functional magnetic resonance 
tomography imaging (fMRI) 

Fig. 3 shows in a schematic representation the procedure or 
the conceptual interaction of different functional components 
30 in determining and evaluating the effectiveness of a 

pharmaceutical preparation using functional magnetic resonance 
tomography imaging (fMRI) . 



Fig. 3 shows a device 310 for performing functional magnetic 
35 resonance tomography imaging (fMRI for short) , a functional 
magnetic resonance tomograph 310 (cf . Fig. 1, 100) . 
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By means of the magnetic resonance tomograph 310, neuronal 
activities 321 in sites 322 of a brain 323 of an individual or 
a patient are measured 311 and analyzed 312. Normally, a 
5 medical diagnosis is then derived from the resulting data. 

In this case, however, as will be described below, the 
analysis results 340 of the fMRI are used for evaluating the 
effectiveness of a newly developed pharmaceutical or a new 
10 medicine 350. 

The medicine to be evaluated in this case is a newly developed 
drug 331 for the treatment of Alzheimer's disease. 

15 The evaluation of the drug 331 is carried out as part of a 

clinical study 330. A study of this kind within the context of 
an approval procedure for a new medicine and a basic method of 
proceeding in such a study, in particular how to handle test 
participants and the administering of test preparations, are 

2 0 known from [7] . 

The present study comprises two stages: 

In stage 1, two groups of individuals, namely selected 
25 Alzheimer patients and healthy test participants, are tested 
against each other, with the new drug being dispensed neither 
to the Alzheimer patients nor to the healthy test 
participants . 

30 ''Tested" in this context means that all the participants in 
the study are subjected in turn to an fMRI scan. The fMRI 
measurements obtained from the two groups are evaluated as 
described below, with so-called correlation variables being 
determined along with other information. 



35 
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On the basis of the results, in particular of said correlation 
variables, structural and/or functional differences in the 
brains of the Alzheimer patients are determined as compared 
with those of the healthy test participants. 

5 

Stage 2 of the study is now performed only with the Alzheimer 
patients. Preparations 330 are administered to said patients, 
whereby some of the preparations are the new drug 331, whereas 
the others are a placebo 332. 

10 

After the preparations 330 have been administered, further 
fMRI measurements are carried out on the Alzheimer patients 
311, except that this time those Alzheimer patients to whom 
the new drug was administered are tested against the 
15 recipients of the placebo. 

These further fMRI measurements are evaluated in the same way 
as in stage 1, with the correlation variables also being 
determined once again. 

20 

On the basis of these results, changes in the brains of the 
Alzheimer patients treated with the drug are determined 
compared to those of the recipients of the placebo. 

25 In this case the level and type of changes, i.e. the level and 
type of the changes in the values of the correlation 
variables, indicate a quantifiable effect or the effectiveness 
of the drug being tested. 

30 Thus, for example, significant changes in the correlation 

variables point to a high degree of effectiveness of the test 
preparation. Since correlation variables are directly related 
to local brain sites, conclusions can also be drawn about 
specific active places in the brain. Positive, i.e. healing, 

35 effects are reflected in changes in correlation variables in 
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the direction of the correlation variables of healthy test 
participants. 

It should be noted that during the fMRI measurements carried 
5 out, the test individuals have to perform complex cognitive 
tasks and/ or motor tasks. 

Fig. 1 shows the device 100 for performing functional magnetic 
resonance tomography imaging (fMRI), a functional magnetic 
10 resonance tomograph 100 (Fig. 3, 310) . 

The basic principles of fMRI technology, which is a further 
development of the known magnetic resonance tomography, are 
known from [3] . 

15 

The magnetic resonance tomograph 100 comprises a closed tube 
110 which is inserted into a magnet 12 0 in such a way that the 
latter generates a strong magnetic field in the tube 110. 

20 The magnetic resonance tomograph 100 further comprises a 

patient table 130 which can be moved into the tube 110 and on 
which a patient is placed during an examination. 

In addition the magnetic resonance tomograph 100 comprises a 
25 control device 131 which enables the patient table 130 to be 

monitored and controlled during the examination, allowing, for 
example, a controlled introduction of the patient table 130 
into the tube 120. 

30 As further components, the magnetic resonance tomograph 100 
comprises a measuring device 14 0 for measuring BOLD (Blood 
Oxygenation Level Dependent) signals, an associated evaluation 
device 141 for evaluating the measured BOLD signals, in this 
case a high-performance computer, and also a control and/ or 

35 interaction device 142 for operating personnel as well as a 
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display device 143 for displaying the results of an 
examination. 

The components of the magnetic resonance tomograph 100 are 
5 functionally interconnected, for example by means of signal or 
data lines 150 via which data and signals can be transmitted. 

The functional magnetic resonance tomograph 100 shown in Fig. 
1 operates on the basis of fMRI technology and enables the 
10 neuronal activity in areas of the brain of a patient to be 

measured and analyzed and a diagnosis to be derived therefrom. 

Toward that end the measuring device 140 is used to measure 
the BOLD (Blood Oxygenation Level Dependent) signal in 
15 discrete, selected areas of the brain of the patient, which 
signal is related to the neuronal activity in the respective 
area . 

The results of such fMRI measurements show the progression of 
20 the activity of the individual brain areas over a certain 

period, for example during cognitive processes as a result of 
specific perception processes or motor tasks which are to be 
performed by the patient during an examination. 

25 Irregularities, such as functional disturbances, in the brain 
of the patient are thus implicitly contained in the measured 
fMRI signals. 

The evaluation device 141 which provides or performs a new 
30 analysis method is used to analyze the fMRI measurements, i.e. 
the BOLD signals measured in individual areas of the brain. 

In this case this new analysis method represents an improved 
further development of the known analysis method described 
35 above and based on structural equation modeling [6] . 
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With the new analysis method the brain activity is determined 
in the form of corresponding activation patterns in the 
examined areas in the brain and/or connections between 
activation patterns in the examined areas and from this 
5 conclusions are drawn directly about "normal" activity 
patterns or excitation states in the brain and also about 
functional disturbances in the brain and their causes. 

The new analysis method provided by the evaluation device 140 
10 is based oh an extended and more flexible model of the brain, 
the neuronal structures in the brain and their behavior, in 
particular their interaction (Fig. 3, 340), on the basis of 
which the measured BOLD signal is analyzed and evaluated. 

15 Basics of the new analysis method and the model are explained 
below. 

The results of or conclusions drawn from an examination are 
displayed on the display device 143 and can be processed 
20 further using the control and interaction device 142 in 

combination with the evaluation device 141. They also serve as 
a basis for a medical diagnosis as well as for the assessment 
of the effectiveness of a medicine {cf . Fig. 3) . 

25 Basics of the new analysis method (Fig. 2, steps 210 to 250) 

It is pointed out that the new analysis method is an improved 
further development of the old analysis method described 
above. It therefore applies in the following that - unless 
30 stated to the contrary - old and new analysis method are 

consistent for these parts. If consistent parts are mentioned 
explicitly, they have the above previously used designation. 



35 



Using the new analysis method 200, the fMRI measurements 
(210), i.e. the BOLD signals in examined brain areas of a 
patient, are analyzed (210 to 250) and/ or compared with 
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reference £MRI measurements. This enables immediate 
conclusions to be drawn about "normal" activity patterns or 
excitation states in the brain and also about functional 
disturbances in the brain being examined and their causes. 

5 

The new analysis method 200, which generates statistical 
indicators such as statistical correlations between fMRI 
measurements in different brain areas, is based on an extended 
and more flexible mathematical model (220) of the brain (cf . 
10 Fig. 3, 340) based on the known mathematical model according 
to (3) . 

With this extended model (220) of the new analysis method, the 
correlation matrix S is occupied by variable correlation 
15 strengths at all (matrix) positions. 

With the new analysis method 200, this time all - because also 
variable - correlation strengths Si are determined such that 
statistical indicators which are determined from the fMRI 
20 measurements can be explained in the most meaningful way (210 
to 250) . 

A data point s^s^ represents the totality of all BOLD signals 
si, sN of the individual n examined areas at a time t (or 

25 averaged over a time interval t) (t= [1;T]). 

The fMRI measurement comprises a plurality of such data points 
si, s2, sT for different perception processes and/ or 

motor tasks for which the corresponding BOLD signals were 
30 measured. 

In contrast to the old known analysis method, in which a 
multivariable normal distribution was assumed for the 
statistical distribution of the data points, with the new 
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analysis method 200 a weighted total of normal distributions 
is assumed for the statistical distribution (220) . 



P{s\Ci„Ci,fli,...MLXiv';H)'' 



(5) 



-J— ,y 



• e 



5 In this case the chosen statistical distribution and therefore 
also the correspondence of the probabilities P=P(s|Cl, CL, 

\ih, Zl, ZL) (230) (cf. (2)) for the occurrence of 

the measured data points si, s2, sT are dependent on more 

or different parameters than the average value \i and the 
10 covariance Z of the old known analysis method. 

With the new analysis method 200, certain statistical 
variables which can be calculated for the chosen statistical 
distribution are now placed in relation to the model 
15 parameters, i.e. the correlation strengths S^, the average 

value ji8 of the external influence |i and the covariance Ze of 

E. 

These include, among others, the average values ^1, ^L, 
20 the covariances Zl, . . . , ZL and all moments and cumulants of 
the chosen higher-order distribution. 

This results in an implicit relationship between the 
parameters of the statistical distribution and the model 
25 parameters to be determined, in this case taking account of 

the distribution (5) and the extended model based on the model 
according to (3) . 
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Z = l(C| v-»C/^ , /i\ MLt^i Si ) 

I = l(S,2^l) (6) 

As with the old known analysis method, in the new analysis 
method 200 the optimal model parameters are how determined in 
5 an analogous manner using the maximum likelihood estimation 

[1] by optimization or maximization of the probabilities (5) 

(240) . 

The basic principles of maximum likelihood estimation are 
10 described in [1] . 

The parameters to be taken into account for the optimization 
process are the parameters of the chosen higher-order 
statistical distribution, in this case the weighted total of 
15 normal distributions, the sought model parameters and the 

statistical variables, in this case the average value \i and 
the covariance Z from (6) via which the relationships between 
the model parameters and the statistical distribution (5) were 
established. 

20 

The relationships . from (6) are to be taken into account as 
subsidiary conditions during the optimization. 

The optimization then leads to the sought correlation 
25 strengths which describe dependencies between the BOLD 
signals (250) and are the basis of the further evaluation, 
such as in this case the assessment of the effectiveness of a 
medicine (250) . 
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